Introduction: Diabetic nephropathy is the second most common secondary type of glomerular diseases among Saudi patients after systemic lupus erythematosus. Ocimum basilicum (O. basilicum) was reported to have anti-diabetic and antioxidants effects. Aim: This study aimed to evaluate the efficacy of O. basilicum in controlling STZ-induced diabetes mellitus in rats and preserving the structure of kidney against diabetes-induced nephropathy. Methods: This study utilized forty adult male Spraque-Dawley rats assigned into four groups (n=10 each); control, streptozotocin-induced diabetic, metformin-treated and O. Basilicum-treated groups. The blood glucose level (BGL), total antioxidant capacity (TAC), serum creatinine and BUN levels were assessed. Kidneys were dissected out and processed for histopathological and immunohistochemical assessment. Results: The BGL significantly decreased in Metformin-and O. basilicumtreated (p=0.02, p=0.01) rats while TAC significantly increased (p=0.01, p=0.003) respectively, compared to the untreated diabetic rats. In addition, O. basilicum significantly reduced (p=0.004, p=0.02) both creatinine and BUN levels compared to the untreated diabetic group, respectively. Examination of kidney of O. basilicum-treated diabetic rats revealed few degenerated renal tubules, with no inflammatory cell infiltrates, peritubular capillaries congestion and minimal peritubular collagen fibers deposition. It also reduced immunoexpression of desmin and αsmooth muscle actin in glomeruli of O. basilicum-treated diabetic rats. Conclusion: Glucose lowering and antioxidant effects of O. basilicum was evident biochemically in this study. O. basilicum could protect the kidney against diabetesinduced nephropathy as revealed biochemically and histopathologically. Further exploration of the mechanism and assessment of efficacy in human through clinical study are recommended.
INTRODUCTION
Diabetes mellitus (DM), one of the common metabolic diseases, characterized by chronic hyperglycemia and disturbed metabolism of carbohydrate, fat, and protein. It might result from defects in either insulin secretion, insulin action, or both (1) . Type 1 diabetes mellitus (T1DM) is insulin dependent and results when T-cells destroy the insulin-secreting β-cells, while T2DM occurs when there is a rise in glucose levels with mounting cell's resistant to inadequate insulin (2) . Considerable scientific research suggested that under oxidative stress situations, reactive oxygen species (ROS) are produced. However, it is believed that the equilibrium between the oxidation and antioxidation processes results in causing human diseases including diabetes (3) .
Among the sequale of diabetes mellitus that occur after long time is the progressive development of the some complications like retinopathy with possibility of development of blindness, nephropathy with possibility of development of renal failure, and/or neuropathy (4) . A recent study conducted by AlFaadhel et al. in Saudi Arabia (5) . They found that the most common secondary types of glomerular diseases was the systemic lupus erythematosus-associated lupus nephritis followed by diabetic nephropathy. They added that the prevalence of diabetic nephropathy increased from 1.4% in the first era to 10.2% in the last one.
Conventional antidiabetic drugs were reported to be associated with many side effects therefore, research has turned to the traditional remedies in the form of plants (6) .
There are already 1,200 plants that received acknowledgement being a possible anti-diabetic remedy (7) . Medicinal plants contain high levels of flavonoids, carotenoids, antioxidants, terpenoids, and alkaloids needed for the human body. Since medicinal plants are natural sources, they have fewer side effects, and they offer evidence for the synthesis of novel and improved medicines for treating diabetes (8) .
Extracts of Ocimum basilicum L (Lamiaceae), also known as Basil or Rehan, have been reported to possess different pharmacological activities due to the high content of phytocompounds as phenolic compounds and essential oils such as estragol, linalool and eugenol. These pharmacological effects include lowering blood glucose, antioxidants, reducing inflammation, and lowering the incidence of cancers and diabetes as well as hepatoprotective properties (9, 10).
Sakr and Al-Amoudi have examined the possible protecting effect induced by Ocimum basilicum extract on renal affection induced after administration of deltamethrin in albino rats (11) . They found that O. basilicum extract could alleviate the deltamethrin-induced structural changes in the kidney. Renal functions of Ocimum basilicum-treated rats was also enhanced as evidenced by significant restoration of serum creatinine and urea. El Shahat et al., 2017 reported that basil (Ocimum basilicum L.) can guard against hepatic and renal injury occur as a result of methotrexate administration and might be of therapeutic latent in lessening the systemic side effects of this anticancer drug (12).
AIM
Therefore, this study aimed to assess the effect of O. basilicum in controlling streptozotocin-induced diabetes mellitus in rats and to assess its efficacy in preserving the structure of kidney against diabetes-induced nephropathy.
METHODS
Ocimum Basilicum (O. Basilicum), also known as Reihan, was obtained from the local gardens of Albaha in April 2018 and was morphologically recognized and verified by c botanist, at Faculty of Science, King Abdulaziz University. The essential oils of O. Basilicum were extracted and prepared according to methods described by Ismail (13) . Streptozotocin (STZ), (Sigma Aldrich Chemical Company, Co., St. Louis, MO, USA) was utilized for induction of diabetes mellitus in rats at the dose of 60 mg/kg that was injected intraperitoneally after being dissolved in 0.01 M sodium citrate buffer (14) . Metformin hydrochloride (Shanghai Shiguibao Medicine Co., Ltd., China) was used for pharmacological validation of OB. It was dissolved in 0.9% (W/V) sodium chloride at a dose of 500 mg/kg/day, and given to rats through gastric tube for six weeks as was previously described by Pushparaj et al. (15) .
This study was revised and permitted by the biomedical research ethics committee at the Faculty of Science, Albaha University. Forty adult male Spraque-Dawley rats weighing 200-250 g were purchased from the Experimental Animal Unit of King Fahd Medical Research Center, King Abdulaziz University, Jeddah, Saudi Arabia.
Rats were left to acclimatized fourteen days under the standard laboratory conditions. They were assigned into four groups (n=10 each). The first groups was the control one which was injected once intraperitoneally with 0.01 M sodium citrate buffer. The other three groups were injected with freshly prepared STZ after fasting overnight for 12 hours, followed by 5% sucrose solution in order to avoid hypoglycemia and facilitate STZ entry to β cells (16) . On the 7 th day of STZ injection, blood samples were obtained from rat tail vein and blood glucose level (BGL) was assessed using Bayer's Contour meter (Japan). BGL was measured at regular intervals during the 6 weeks. Type 2 DM was consider at BGL < 250 mg/dl (15) . The diabetic rats were assigned into 3 groups (n=10), non-treated diabetic group (STZ), diabetic treated with Metformin and diabetic treated with OB. All treatments were continued for six weeks.
At the end of the experiment, the rats were fasted for 12 hour then blood samples were obtained from rat tail vein, centrifuged at 3000 rpm for 15 minutes to separate serum that was stored at -80 °C. The blood glucose level (BGL) was assessed using Bayer's Contour meter (Japan). The total antioxidant capacity (TAC) was estimated using the Bio-diagnostic kit method (17) . After obtaining the blood samples, the rats were scarified by decapitation under deep ether anesthesia. The abdomen was opened and the kidneys were dissected out, fixed in neutral buffered formalin overnight and processed to obtain paraffin blocks. Paraffin sections at 4 μm were obtained and stained with hematoxylin and eosin for histopathological examination using light microscope (Olympus, USA) connected to digital camera.
Another group of paraffin sections were stained immunohistochemically using an avidin-biotin technique that was described by Nie et al. (18) . Antiα smooth muscle actin (ASMA) and desmin (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was utilized at dilution of 1:500. The primary antibody was omitted in some sections to be utilized as negative controls. All positive reactivity was distinguished as principally nuclear and cytoplasmic brown staining.
A morphometric study included measuring the Surface area of glomeruli (μm2) was done using the Pro Plus image analysis software version 6.0. For each rat, five sections were examined and five readings were obtained and the mean was considered for each rat as was described by Nie et al. (18) . Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 16. One-way analysis of variance (ANOVA). Post-hoc Bonferroni test was used to compare data of all the treated groups. Data were presented as mean±standard deviation (SD). A p value less than 0.05 was considered to be significant.
RESULTS
Measuring the fasting BGL at the start of the experiment revealed that it was within the normal rang in all groups. The end of the 1 st week after STZ injection, the BGL was increased to above 300 mg/dl in all rats. It was kept increased in the untreated diabetic rats while it significantly decreased in Metformin-(p= 0.02) and O. basilicum-treated (p= 0.01) rats compared to the untreated diabetic rats ( Figure 1A ). It was observed that STZ-induced diabetic rats had a significant reduction (p<0.001) in the TAC compared to the control rats while those treated with metformin (p= 0.01) or O. basilicum (p= 0.003) showed a significant rise in TAC compared to the untreated diabetic rats ( Figure 1B) . Induction of diabetes in rats induced a significant increase (p= 0.002, p= 0.02) in creatinine and BUN levels in the serum respectively, compare to the control rat. Administration of metformin resulted in a significant reduction in creatinine level (p= 0.02) and non-significant reduction in BUN level while O. basilicum significantly reduced (p= 0.004, p= 0.02) both creatinine and BUN compared to the untreated diabetic group, respectively (Table 1) . Histological assessment of the structure of the renal cortex of the studied groups revealed that control renal cortex appeared with intact glomeruli and renal tubules. On the other hand, renal cortex of the diabetic group showed some degenerated renal tubules, specifically the proximal convoluted tubules (PCT) that possessed dark nuclei and cytoplasm. Inflammatory cell infiltrates were frequently observed in the periglomerular areas and the peritubular capillaries appeared congested. The mean surface area of the glomeruli was significantly increased (p<0.001) in this group compared to the control. Metformintreated diabetic rats still showed all these pathological changes expect the degenerated cells of the PCT that was less frequently observed. When it came to the O. basilicum-treated diabetic rats, it was observed that most of the PCT appeared intact apart from few degenerated cells. There is no inflammatory cell infiltrate and the congested periglomerular capillaries were less frequently observed. The mean surface area of the glomeruli was significantly increased (p= 0.02) in this group compared to the untreated diabetic group (Figure 2 A-D, Table 1 ). Mallor y trichrome-stained sections of renal cortex from control rats showed small amount of collagen fibers in between the glomerulus and tubules while these fibers were obviously increased in diabetic rats. On the other hand, peri-glomerular and peritubular collagen fibers decreased in both metformin-and O. basilicum-treated groups (Figure 2 E-H) .
Immunohistochemical assessment of the expression of ASMA in the studied groups revealed that there was very week expression of ASMA in the control renal cortex apart from this observed in the blood vessels. The enlarged glomeruli of the diabetic rats showed moderate positive expression of ASMA in the glomerular and the periglomerular areas. Diabetic rats treated with either metformin or O. basilicum showed moderate to weak ASMA expression with no marked difference between the two groups ( Figure A-D) .
When it came to the immunoexpression of desmin, it was observed that both glomeruli and renal tubules of the control group showed negative reaction. The enlarged glomeruli of the diabetic rats showed strong positive expression of desmin while some tubules showed moderate reaction compared to the control. Treatment of diabetic rats with metformin resulted in a reduction of glomerular desmin expression to moderate reaction while treatment with O. basilicum resulted in a weak expression of desmin in the renal glomeruli ( Figure 3 E-H).
DISCUSSION
In a recent study performed by Widjaja et al., the hypoglycemic impact of basil was documented (19) . They reported that ethanolic extract of basil leaves at the dose of 100, 200 and 400 mg/kg body weight (BW), significantly lower blood glucose and advanced glycation end products in diabetic rats compared to the untreated diabetic rats. Despite of this, no studies have been conducted to assess efficacy of O. basilicum in preserving the structure of kidney against diabetes-induced nephropathy. Therefore this study was conducted to investigate this issue.
In this study, BGL significantly decreased in both Metformin-and O. basilicum-treated rats. This finding, was supported by many previous studies (20, 21) . The major phenolic substances extract from Ocimum gratissimum and Ocimum basilicum which included (caftaric, rosmarinic, caffeic, and chicoric acids) have been reported to significantly affected the gene expression pattern of the key insulin regulatory genes and proliferative genes as well as glucose transporter 2 (GLUT2), in treated islets. This explained its efficacy in reducing the blood glucose level (22) .
Treating the diabetic rats with O. basilicum, in this study, significantly increased the TAC compared to the untreated diabetic rats. These findings were in agreement with that of Dasgupta et al. (23) who reported that O. basilicum increased the response of the antioxidant enzymes by enhancing "the hepatic glutathione reductase, superoxide dismutase, and catalase activities". In addition it increased glutathione content and decreased lipid peroxidation and lactate dehydrogenase activity in the liver of mice. Similar findings were also reported by Sakr and Al-Amoudi (11). Basil was described to ameliorate methotrexate-induced nephrotoxicity due to the presence of flavonoids and numerous compounds with high antioxidant activities (24) .
In the present work, administration of O. basilicum and metformin induced a significant decrease in creatinine level while O. basilicum only could significantly reduce BUN level compared to the untreated diabetic rats. These findings were supported by previous studies showed that O. basilicum has a protective effect on the kidney of rats receiving a toxic dose of mercury, lead and paracetamol (25) (26) (27) . Not only that, Suanarunsawat and Songsak concluded that O. basilicum in diet induced a protective effect on renal glomerular filtration ability in diabetic rats as it reduced the elevated level of serum creatinine in the blood (28) . In a more recent study, raw or gammairradiated basil added to the diet of methotrexate-treated rats markedly decreased the activities of serum liver enzymes, serum urea, creatinine and uric acid with subsequent improvement in the antioxidants level of the liver and kidney (12) .
Renal cortex of the diabetic rats, in this study, showed degeneration of some PCTs, inflammatory cell infiltrates, congested peritubular capillaries and peri-glomerular and peritubular fibrosis evident by Mallory stain and ASMA immunohistochemistry. These findings were in accordance with many previous researches (29) . Li and Zhang reported that diabetic nephropathy was associated with tubulointerstitial and glomerular fibrosis and sclerosis in STZ-induced diabetic rats (30) .
Treatment of diabetic rats with metformin and O. basilicum these alleviated these pathological changes and reduced ASMA and desmin expression in the renal glomeruli. Makwana and Rathore found that the extract of O. basilicum prevented the paracetamol-induced hepatic and renal histopathological changes in the rats (27) . "The cytoplasmic vacuolization of the lining epithelial cells of the renal tubules" induced by deltamethrin were markedly improved by extract of Ocimum basilicum (11). They attributed this effect to flavonoids present in excess in the leaves of O. basilicum which proved to have many biological effects related to the antioxidant activities. Zhang et al. reported that the main components of O. basilicum were: linalool (about 30%), (Z)-cinnamic acid methyl ester (about 21 %), cyclohexene, alpha-cadinol, in addition other compounds (31) . Increased diameter of renal glomeruli indicating mesangial expansion was observed in diabetic rats, in this study and this was in agreement with previous studies that diabetes in rats was associated with glomerular injuries (32, 33) . Several glomeruli showed mesangial widening with mesangial expansion and increased glomerular diameter.
ASMA expression was increased, in this study, in glomeruli and the periglomerular area of the diabetic rats compared to the control rats. This was in agreement with the finding of Li and Zhang who found that the level of immunoexpression of transforming growth factor-β (TGFβ) and alph-smooth muscle actin (αSMA) in the rats suffering from diabetic nephropathy were up-regulated compared with the normal group (30) . It was said that fibroblasts have a crucial role in the repair during diabetic nephropathy, and enhanced TGF-β might result in an enhanced transformation of these cells into activated myofibroblasts, evident by increased expression of α-SMA that enhances fibroblast contractile activity (34) .
Desmin is an intermediate filament protein which was described to be a podocyte injury indicator as injured podocytes undergo epithelial-to-mesenchymal transition (35) . The expression of desmin is reported to be induced markedly in pathological conditions that affects podocytes as in diabetic nephropathy (36) . Therefore it was assessed in this study. In this study, desmin expression was increased in the glomeruli of diabetic rats and this was in agreement with what was reported by Erfan (37) and Gu et al. (38) . Diabetic rats treated with O. basilicum, in this study, showed reduced ASMA and desmin expression. This effect might be attributed to the inhibitory effect induced by O. basilicum on lipid peroxidation. Yamamoto et al. (39) proved that ocimum suppressed hepatic fibrosis and protected liver against parenchymal damage induced by CCL4.
CONCLUSION
Glucose lowering and antioxidant effects of O. basilicum was evident biochemically in this study. O. basilicum could protect the kidney against diabetes-induced nephropathy as revealed biochemically and histopathologically. Further exploration of the mechanism and assessment of efficacy in human through clinical study are recommended.
• Author's contribution: D.A.A. gaves a substantial contribution to the conception and design of the study, substantial contribution of data, and, also, had a part in article preparing for drafting or revising it critically for important intellectual content. Author has given final approval of the version to be published.
• Conflicts of interest: There are no conflicts of interest.
• Financial support and sponsorship: Nil
